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man hepatocyte growth factor gene on healing of burn
wounds
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【Abstract】Objective:    To explore the effects of
bone marrow-derived mesenchymal stem cells (BMSCs)
transfected with adenoviral vector carrying hepatocyte
growth factor (HGF, Ad-HGF) on burn wound healing.
Methods:    BMSCs from male Wistar rats were sepa-
rated and purified with Percoll separating medium by den-
sity gradient centrifugation and cultured with DMEM con-
taining 20% fetal bovine serum (FBS). Then BMSCs were
transfected with Ad-HGF at the optimal gene transduction
efficiency of 100 multiplicity of infection (MOI). The effi-
ciency of transfection and the expression of HGF in the
suspension were detected by flow cytometry and enzyme
linked immunosorbent assay (ELISA) respectively. Thirty-
two female rats were subjected to 90°C water for 12 seconds
to induce a partial thickness skin burn. The animals were
randomly divided into mesenchymal stem cells (MSCs) treat-
ment group (Group A), Ad-HGF treatment group (Group B),
Ad-HGF-modified MSCs treatment group (Group C) and
saline control group (Group D). On days 3, 5, 7, 14 and 21
postburn, HE and Sirius red stain were performed to ob-
serve the burn wound healing and collagen content. The
content of hydroxyproline in wounds was also detected.
Transplanted cells and the expression of (sex-determining
region Y) SRY gene were detected by in situ hybridization
and polymerase chain reaction (PCR), while the expression
of HGF in wound tissues was detected by ELISA.
Results:    The result of flow cytometry showed that the
transfection efficiency was 86.41% at 100 MOI. Compared
with the control group, the content of HGF in the superna-
tant after transfection increased time-dependently and
peaked at 48 h, showing significant differences at 24 h, 48 h,
72 h and 96 h (P<0.01). Results of HE stain revealed that the
range of re-epidermidalization in Group C was significantly
larger than that in other groups in the first week. Three
weeks postburn, the epidermis was significantly thicker in
Group C than in other groups and the nails of dermis in-
serted into the derma of burn wounds. Sirius red stain showed
that the content of collagen I in Group C was much less
compared with that in other groups 21 days postburn. In
situ hybridization revealed an expression of SRY gene in
burned female rats, consistent with the finding of PCR. Immu-
nohistochemistry demonstrated the largest increase of HGF
expression in Group C, whose contents of hydroxyproline,
however, decreased on day 7 postburn. Compared with other
groups, the content of HGF in the wounds of Group C in-
creased obviously on day 14 after transfection (P<0.05) and
there was no significant difference among Groups A, B and D.
Conclusion:    Our study suggests that transplantation
of MSCs modified with Ad-HGF has positive effects on the
healing of burn wounds probably through differentiation
and release of relevant cytokines.
Key words:    HGF protein, human; Mesenchymal stem
cells; Transfection; Burns; Wound healing
W ith the development of tissue and geneengineering, cell and gene therapy plays apositive role in wound repair. Recently,
mesenchymal stem cells (MSCs) that possess the
capability of multi-directional differentiation have been
concerned. MSCs are able to fabricate a spectrum of
specialized mesenchymal cells and a variety of other
cells, for example, cardiac muscle cells, fibroblasts,
cartilage cells, sebaceous gland cells, neurocytes,
epidermal cells, endothelial cells, etc.1 So far, MSCs
have been used to treat many diseases such as car-
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diac injury, arthrosis injury and wound repair.2-6 MSCs
are easy to be isolated, cultured, transplanted and
transfected, and they can express exterior genes, thus
being a kind of ideal cells for cell-mediated gene
therapy. Since hepatocyte growth factor (HGF) not only
accelerates the development of blood vessels, but also
increases migration and differentiation of many cells, it
has been widely employed in experimental researches
on promoting skin incision healing and preventing ex-
cessive cicatrization.7 However, because there are few
living cells in the local tissues after burn, it is difficult to
perform HGF treatment alone.
In our study, we transfected MSCs with Ad-HGF in
order to combine the advantages of MSCs and HGF and
evaluated its effect on rat burn wound healing. We hope
that this study can provide some references for the ba-
sic researches and clinical techniques of wound repair.
METHODS
Culture of MSCs and transfection with Ad-HGF
This research was approved by the local animal eth-
ics committee. Male Wistar rats of clean grade were
killed by anesthesia with intraperitoneal pentobarbital
sodium and soaked in 75% alcohol. Five minutes later,
the bone marrow was obtained and intermixed with
phosphate balanced solution (PBS) and then transferred
onto 60% Percoll (Pharmacia, USA). After centrifugation,
the leucocyte layer was mixed with PBS in another
tube and centrifugated twice. Then the collected cells
were cultured in 5 ml DMEM with 20% fetal bovine se-
rum (FBS) and antibiotics. After culture for 24 h and 48
h, the nonadherent cells were removed and the me-
dium was changed every 3 days. When obvious clone
was observed, the cells were digested by 0.25% trypsin
solution (Gibco, USA), seeded at the density of 1×105
cells per 25 cm2 and incubated continuously. MSCs
were seeded in a 6-well plate at about 1×106 cells/well.
The cell medium was removed on the following day and
1ml Ad-HGF (MOI=100) solution diluted with DMEM
was added. Two hours later, 1ml DMEM with 10% FBS
was added and continuously incubated for 48 hours. At
0 h, 24 h, 48 h, 72 h and 96 h after transfection, the
suspension was collected and the content of HGF was
detected by ELISA. The transfection efficiency was de-
tected by flow cytometry.
Animal model and administration of MSCs trans-
fected with Ad-HGF
Totally 32 female Wistar rats of clean grade, weigh-
ing 140-220 g, and provided by the Experimental Ani-
mal Center of Traditional Chinese Medicine of Gansu
Province were shaved under anesthesia induced with
intraperitoneal pentobarbital sodium and scalded by im-
mersing their backs in 90°C water for 12 seconds. It
was a partial thickness skin burn of 2 cm×2 cm. The
animals were randomly divided into 4 groups: Group A
(treated by MSCs), Group B (treated by Ad-HGF), Group
C (treated by MSCs modified with Ad-HGF), and Group
D (control group, treated by saline solution). After burns,
the suspension of MSCs, Ad-HGF, MSCs modified with
Ad-HGF, and saline were directly injected into the derma
of burn wounds separately. Burn wounds were covered
with vaseline gauze and aseptic gauze. Each animal
was housed in a single cage.
Calculation for the contraction rate of wound size
The size of wounded area were recorded on days 3,
5, 7, 14 and 21 after injecting corresponding prepara-
tions in each group. We covered the wound with a trans-
parent membrane and drew a line along the wound edge,
then cut the membrane and detected the size of
wounded area using an image analyzer (MIAS2000-
Miaspro, Institute of Computer Images, Sichuan
University, Chengdu, China). The contraction rate of burn
wounds was calculated by the following formula:
Contraction rate of wound (%)=(original wound area-
detected wound area)/original wound area×100%
Histological and immunohistochemical examinations
On days 3, 5, 7, 14 and 21 postburn, wound tissue
samples of each group were obtained. These samples
were divided into two parts. One was fixed in 10% for-
malin buffer, embedded in paraffin and sectioned for
HE stain, Sirius red stain and immunohistochemical
examination. The color developing substrate was 3,
3-diaminobenzidine (DAB). The other was freezed at
-70°C to evaluate the contents of hydroxyproline by
Woessner’s method.8 The quantitative estimation of col-
lagen was performed by Sirius red stain of the wound
sections 21 days postburn. Slides were observed un-
der a polarizing microscope (Olympus, Japan) and ana-
lyzed using the Quantum software (Media Cybernetics,
USA) based on the primary color spectrum. HGF ex-
pression in the wound tissues was detected by immu-
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nohistochemical examination. The primary antibody was
anti-human HGF monoclonal antibody (R&D,USA),
while the secondary antibody was peroxidase-conju-
gated AffiniPure goat anti-mouse IgG (Santa Cruz,
Beijing, China).
Detection of sex determining region of the Y chro-
mosome (SRY) by in situ hybridization and poly-
merase chain reaction (PCR)
SRY gene probe was achieved by PCR production
and labeled by Digoxigenin (Roche, Switzerland) ac-
cording to Hafemann et al’s9 report. Through in situ
hybridization, the expression of SRY gene in wound
tissues was detected. On 21 days postburn, the ge-
nomic DNA was extracted from the wound tissues of
each group, followed by PCR. The primer pairs of SRY
gene were available according to previous research10:
forward, 5’ AGA TCT TGA TTT TTA GTG TTC 3; reward,
5’ TGC AGC TCT ACT CCA GTC TTG 3’.
Detection of HGF content in the wounds by ELISA
On days 3, 5, 7, 14 and 21 postburn, wound tissue
samples in each group were obtained. The suspension
of tissue homogenate was collected by centrifugation
at 2000 r/min for 10 minutes. The content of HGF was
detected by ELISA following the introduction of HGF
ELISA Kit (R&D,USA).
Statistical analysis
Statistical comparisons of the data were performed
using analysis of variance and q-test. A P value equal
to or less than 0.05 was considered statistically signifi-
cant difference.
RESULTS
Culture of MSCs in vitro
Bone marrow monocytes obtained from Percoll flu-
ids were seeded on a 25 cm2 bottle. After continuous
culture for 72 hours, they appeared spindle shaped and
adhered to the bottom of the bottle. On day 12 when
the cell density reached about 80%, they were digested
by 0.25% trypsin solution and cultured in more bottles.
MSCs showed the representative form of fibroblast
(Figure 1).
Ad-HGF-transfected MSCs
The optimal MOI was obtained by MSCs transfected
with Ad-GFP. Cells of the third generation were adjusted
to suitable concentration and seeded on 12-well plate.
Then cells were infected with Ad-HGF at different MOI
(0, 50, 100, 150, 200, 400 pfu) on the following day. In
48 hours, HGF-positive cells were observed under a
fluorescence microscope (Figure 2). Flow cytometry
revealed that the highest transfection efficiency was
achieved when MOI was 100. In subsequent studies,
intensity of 100 MOI would be preferred.
Transfection efficiency and HGF content in the cell
suspension
The result of flow cytometry showed that the trans-
fection efficiency of Ad-HGF was 86.41% at 100 MOI
(Figure 3). And the results of ELISA showed that com-
pared with the control group, the content of HGF in the
supernatant after transfection increased gradually in a
time-dependant manner and peaked at 48 h after
transfection, showing significant difference at 24 h, 48 h,
72 h and 96 h (P<0.01, Table 1).
Rate of wound contraction
At the first and second weeks after burn, the rate of
burn wound contraction was much higher in Group C
than in other groups (P<0.01, Figure 4).
Histological observation
In each group, hard scab was observed on day 7
postburn, renascent epidermis was observed on day
12, and the earliest healing was found on day 21. HE
stain showed that histological changes had no signifi-
cant difference among groups on days 3 and 5 postburn
while on day 7 postburn, the range of covered epidermis
was larger in Group C than in other groups (Figure 5).
On day 21 postburn, the epidermis in Group C was
significantly thicker than that in other groups and the
nails of dermis stretched into the derma of burn wounds
(Figure 6). Sirius red stain under a polarizing micro-
scope revealed the content of type I collagen was less
and thinner in Group C than in other groups 21 days
after burn (P<0.05, Figure 7).
Immunohistochemical examination
Immunohistochemical examination demonstrated
that HGF expression increased significantly in Group C,
compared with other groups (Figure 8).
In situ hybridization and PCR
The expression of SRY gene was observed at differ-
ent time points in the burn wounds of Group C (Figure 9).
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The deep-brown cells were hybridized cells. PCR
showed that the SRY gene was only expressed in the
wound tissues of Groups A and C, not in Groups B and
D. (Figure 10).
Figure 5. HE stain (×100) of the sections obtained from healed wound tissues on day 7 postburn, showing that the range of covered
epidermis was larger in Group C than in other groups.
Figure 6. HE stain of the sections from healed wounds on day 21 postburn showed that the epidermis in Group C was significantly thicker
than that in other groups and the nails of dermis stretched into the derma of burn wounds (×100).
Figure 7. Sirius red stain (×100) revealed that the type I collagen (the red site) in Group C was less and thinner 21 days postburn,
compared with other groups (P<0.05). No significant difference was observed among Groups A, B and D (P>0.05).
Figure 8. DAB stain (×100) demonstrated that HGF expression increased significantly in Group C (A), compared with Group D (B).
Figure 9. DAB stain (×100) showed expression of SRY gene in the burn wound of female Wistar rats from Group C. The deep-brown cells
are hybridized cells, as the arrows show. Figure 10. The expression of SRY gene in the wounds (M: mark; L1: Group A; L2: Group C).
Figure 1. MSCs of the third generation under an optical microscope (×100). Figure 2. MSCs transfected with Ad-GFP under a fluores-
cence microscope at 48 hours after transfection (×200). Figure 3. Transfection efficiency of MSCs transfected with Ad-HGF at 100 MOI.
Figure 4. Comparison of wound contraction rate at different time points. *P<0.01, compared with Groups A, B and D.
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DISCUSSION
Wound repair after severe injury, extensive burn and
plastic operation is a serious problem. As for large area
burns, if the wound is not covered in time, complica-
tions including shock, infection, high metabolism, mul-
tiple organ failure, even death, would happen. Under
this circumstance, autotransplantation, allotransplan-
tation and heterogeneous transplantation can be per-
formed at present. But the autologous skin is limited,
while alloskin and heterogeneous skin accompany im-
munity repellency and diffused diseases. With the de-
velopment of tissue engineering and genetic engineering,
cell and gene therapies are paid much attention to in
the field of life sciences because they can offer new
ways to handle many diseases. According to the prin-
ciple of tissue engineering, plenty of studies on solving
the source of skin for repairing wounds are carried out
and affirmative conclusions have been declared. In
addition, as a kind of gene carrier, MSCs are used to
manage tumor, innate disease and osteoporosis.11-13
Our study also demonstrated that MSCs are effective
in carrying foreign genes to enhance cell and gene
therapy.
Recently, more and more studies focus on promot-
ing wound healing by cytokines. Our group found that
external EGF has a positive effect on accelerating
wound healing.14,15 Similarly, the point that external HGF
could promote healing of skin incision and prevent scars
excessively has been documented by previous studies.
However, after burn, there are little living cells in local
tissues, so it is difficult to use HGF solely. Considering
this disadvantage, MSCs transfected with Ad-HGF were
set up in our study, by which HGF could achieve a
persistent expression to repair wounds after burn. In
our study, ELISA showed that at 24 h, 48 h, 72 h and
96 h after transfection, the content of HGF in the cell
suspension of Ad-HGF transfected groups was higher
than that of the control group. It suggested that the
Content of hydroxyproline
The hydroxyproline content in wound tissues was
higher in Group C than in other groups at 3 and 5 days
postburn, but the difference had no statistic significance.
At 7 days postburn, it was significantly lower in Group
C, compared with other groups (Figure 11).
Content of HGF
The content of HGF in wound tissues was obviously
higher in Group C than in other groups at 5, 7 and 14
days postburn (P<0.05, P<0.01 and P<0.05), while the
differences at 3 and 21 days after burn showed no
significance. It was much higher in Group A than in Group
D at 7 and 14 days postburn (P<0.05), but there were no
significant difference between Groups B and D (Table 2).
Figure 11. The content of hydroxyproline in the wound tissues at
different time points after treatment. It was significantly lower in
Group C than in other groups on days 7, 14 and 21 postburn (P<0.05).
Table 2. The content of HGF in wound tissues (χ± s, n=8, pg/mg tissue)
Groups                                        3 d                           5 d                             7 d                               14 d                                   21 d
A
B
C
D
24.98±0.36
23.14±0.41
30.34±0.46
21.24±0.50
27.18±0.47
23.84±0.41
33.89±0.46△  
23.12±0.55
32.39±0.51
26.00±0.50
42.16±0.50*
25.65±0.55
28.08±0.51
20.31±0.51
35.15±0.34△
18.48±0.65
22.09±0.47
19.34±0.54
23.01±0.42
17.23±0.53
*P<0.05, compared with Groups A and B, *P<0.01, compared with Group D, △ P<0.05 compared with Groups A, B and D.
Table 1. The content of HGF in the cell suspension after transfection (χ± s, n=3, pg/106 cells)
Groups                                            0 h                          24 h                          48 h                             72 h                                 96 h
Transfected by Ad-HGF
Control
5.4±0.03
5.0±0.01
83.7±0.21*
  5.2±0.02
117.3±0.38*
    4.7±0.05
92.6±0.17*
  5.4±0.06
73.4±0.54*
  4.7±0.04
*P<0.01, compared with control group.
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higher expression level mainly contributed to the extra-
neous Ad-HGF transfection.
HE stain showed that the epidermis was significantly
thicker in Group C than in other groups, and the nails of
dermis stretched into the derma of burn wounds on day
21 postburn. Consistent with this finding, Sirius red stain
revealed less and thinner type I collagen in Group C,
compared with other groups at this time point. Type I
collagen is the main component of mature scars.16 Our
finding suggests that MSCs transfected with Ad-HGF
might inhibit the production or promote the degradation of
type I collagen to improve wound healing. These phe-
nomena also indicates that transplantation of Ad-HGF-
transfected MSCs has more positive effects on burn
wound healing, compared with transplantation of MSCs
or injection of Ad-HGF alone, which may result in coop-
eration of MSCs and Ad-HGF. HGF combined with c-
Met is the receptor of HGF, which leads to the phos-
phorylation of Tyr-1234 and Tyr-1235 in the β-chain of
c-Met, and then activates PTK. Therefore, cell
differentiation, proliferation and migration are increased
and the connection between cells disappeared, result-
ing in a number of biological activities. It is the founda-
tion of cooperative development that the expression of
c–Met gene is detected in cell plasma and membrane.
Moreover, Hydroxyproline content in wound tissues in
Group C was significantly different from that in other
groups, especially on day 7 postburn.
Collagen, one of the important elements of burned
wound substances, is composed of hydroxyproline
whose level can represent the content of collagen. It is
reported that a favorable process of re-epithelialization
contributes to decreasing cicatrix formation.17 In the pro-
cess of wounds being covered by epidermis cells, hy-
droxyproline content gradually decreases, which reveal
the process of would healing—a suppression course of
collagen. In our study, hydroxyproline contents at 7
days postburn were lower in Group C than in other
groups. Therefore, we demonstrated that transplanta-
tion of MSCs transfected with Ad-HGF effectively in-
creased re-epidermidalization and restrained
cicatrisation after wound healing.
Transplantation of MSCs transfected with Ad-HGF
may play a positive role in wound healing from several
aspects. Firstly, MSCs not only contain genes coding
interstitial tissue, but also have genes coding endoder-
mis and epidermis tissues. MSCs can differentiate into
blood vascular endothelial cells, epidermal cells and
skin accessories required in wound repair. Furthermore
they cover wounds through increasing the contents of
collagen. Recently many studies have demonstrated
that MSCs possess the ability of multi-directional
differentiation, especially Krause et al18 and Korbing et
al19 found that MSCs can differentiate into derived epi-
dermal cells and exist for long. Secondly, MSCs can
excrete cytokines related to wound repair, for example,
cell stimulating factor and interleukin. Thirdly, HGF
on one hand stimulates the proliferation and apoptosis
of dermal vascular endothelial cells to promote
neovascularization and local blood supply. Meanwhile,
it stimulates the activity and proliferation of epidermal
keratinocytes to enhance re-epithelialization of the
wound. On the other hand, HGF may prevent apoptosis
so that stem cells can reside in wounds for a long time.
Furthermore, HGF can inhibit the expression of TGF-β
which may play a pivotal role in the progression of scar
formation. At the same time, HGF can increase the
activity of collagenase, thus promoting degradation of
collagen during the period of wound repair.
 Finally, also most importantly, MSCs can persis-
tently release HGF, which ensures a continuous ex-
pression of HGF in the wounds and overcomes the dis-
advantage of only injecting HGF. This provides the ba-
sis for transplantation of Ad-HGF-transfected MSCs to
improve the quality and time of wound healing. In this
study, the expression of SRY gene in wounded tissues
during healing was observed in Group C by in situ
hybridization, which was consistent with the results of
PCR. Immunohistochemical examination demonstrated
that HGF expression increased significantly in Group
C compared with other groups, which was consistent
with the HGF levels in the wound tissues by ELISA.
These phenomena proved that MSCs are involved in
wound repair and a high expression of HGF is posi-
tively correlated with this process.
In conclusion, we demonstrate that transplantation
of MSCs transfected with Ad-HGF has a great advan-
tage on wound repair. It may represent a novel thera-
peutic approach to the treatment of some diseases like
burn and its complications, incurable wounds and multi-
organ repair. Thus it is of important significance in clinic.
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